Arboviruses are viral pathogens that are transmitted from an animal reservoir to humans via an arthropod vector. These viruses result in a large burden of disease worldwide and show a propensity for establishing new endemic foci in geographically distant regions. The potential impact of arboviruses in Central Asia is unclear due to the scarcity of reports available in English; however, the collation of available data shows that numerous important human viruses are circulating in the region. Pathogens such as Crimean-Congo haemorrhagic fever virus, tick-borne encephalitis virus and Tahyna virus are likely to be responsible for numerous cases of human disease in Central Asia on an annual basis. There is evidence that pathogens such as West Nile virus and sandfly fever virus have resulted in sporadic outbreaks of human disease across the region; these events appear to be triggered by a significant change in the abundance of local arthropod vectors or events altering the contact between humans and local arthropod populations, such as conflict or natural disasters. In addition, there are several under-researched arboviruses that could result in a significant disease, including Karshi virus, Issyk-Kul virus and Syr-Darya Valley fever virus. This review provides the first comprehensive assessment of emerging arboviruses in Central Asia. Further research is required to assess the full impact of arboviruses on human health in the region and to monitor potential spread. Up-to-date information regarding arbovirus endemicity will allow for the development and distribution of rapid diagnostics, the implementation of bite-prevention strategies in at-risk areas and improved travel recommendations.
INTRODUCTION
The majority of pathogenic diseases that have emerged over the past 50 years have been caused by RNA viruses that have reservoirs in animals [1] [2] [3] . Viral RNA genomes are subject to high rates of replication and mutation, resulting in divergence in genetic composition that increases the ability to adapt to disparate cellular environments and cross species barriers [1, 4, 5] . This genetic plasticity, combined with factors such as climate change, conflicts, deforestation and the proliferation in the global transport of both humans and animals, has led to the establishment of pathogenic arboviruses in new territories. Therefore, arboviruses such as Crimean-Congo haemorrhagic fever, Zika, chikungunya and West Nile viruses are now considered to be public health threats in many new territories following autochthonous transmission [6] [7] [8] [9] [10] [11] [12] .
Up-to-date information regarding infectious diseases is paramount in order to develop prophylactic treatments, vaccines, travel recommendations and public health strategies, such as bite prevention schemes in at-risk areas. Modern technologies allow for complex modelling to predict, and subsequently limit, major epidemics and pandemics [13] ; however, the effectiveness of any model is dependent on the accuracy of the data underpinning it.
Central Asia is a region of the world comprising five independent countries that were republics within the former Soviet Union: Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan (Fig. 1 ). This region is bordered by Russia to the north, the Caucasus to the west, Afghanistan and Iran to the south and China to the east. Approximately 65 million people live within these five countries in an area that is comparable in size to continental Europe. This large area comprises several climatic, ecological and geographical niches, resulting in a diverse range of arthropod species and mammalian hosts.
Little information is known about the potential impact of arboviruses in Central Asia due to the scarcity of reports available in English. Research and surveillance studies were well established during the Soviet era but ceased upon the breakdown of the Soviet Union in 1991. While the capacity to undertake biosurveillance remains in the form of established research facilities across most former Soviet nations (including all Central Asian countries), the capability to undertake these programmes has taken decades to rebuild following independence.
In recent times, there has been demand for current epidemiological information regarding circulating human pathogens in this region due to factors such as increased international business opportunities, expanding tourism and multi-national military deployment in neighbouring countries. This interest has resulted in more collaborative work between Western and former Soviet Union countries and an increase in the number of translated scientific reports, allowing for the first publicly available assessment of the potential burden of disease caused by arboviruses. This report details and reviews historical data available in English and recent studies regarding arboviruses in terms of both human cases and biosurveillance across Central Asia. The viruses discussed are grouped based upon typical disease manifestations in clinical cases.
MILD SELF-LIMITING DISEASE
The progression of a human disease is not ubiquitous for any virus and clinical cases may vary markedly even without underlying medical conditions. Although the majority of viruses described in this review have the capability to result in a disease that can be classified as a mild self-limiting febrile illness, the viruses discussed in this section rarely exhibit additional clinical symptoms of significance, such as encephalitis or haemorrhagic manifestations.
California encephalitis viruses (CEVs) -family: Peribunyaviridae; genus: Orthobunyavirus The California serogroup of orthobunyaviruses comprises several serologically related but genetically distinct mosquito-borne viruses. Three human pathogens within this complex are known to circulate in Europe and western Russia: Tahyna virus (TAHV), Inkoo virus (INKV) and snowshoe hare virus (SSHV). All three viruses can result in an acute self-limiting febrile disease without long-term sequelae; however, a small proportion of cases have resulted in central nervous system impairment [14] [15] [16] [17] .
While cases of all three CEVs have been documented in Russia [15] , TAHV is the only CEV to have been reported in Central Asia. The virus was isolated from febrile human cases in Tajikistan in the 1970s and 1980s [18] [19] [20] ; however, cases were frequently misdiagnosed as various acute respiratory infections, highlighting the potential for misdiagnosis [20] . A screen of over 6000 human sera in Tajikistan showed a seroprevalence of 3.1 % via complement fixation [21] ; however, a broader screen across many Central Asian regions showed a seroprevalence that reached 40-50 %, including regions with a seropositivity in excess of 50 %, such as the Surkhandar'ya oblast of Uzbekistan [22] . No seropositivity has been demonstrated in either Kyrgyzstan or Kazakhstan to date [23, 24] (Fig. 2a) .
Isfahan virus (ISFV) -family: Rhabdoviridae; genus: Vesiculovirus ISFV was first isolated from a pool of Phlebotomus papatasi sandflies collected in the Isfahan province of Iran in 1975 during investigations into sandfly fever [25] . There is little information regarding human disease resulting from infection from ISFV; human disease involving a mild febrile illness has been implicated in laboratory workers working with sandflies in both Turkmenistan and Uzbekistan demonstrating high titres of ISFV antibodies with low titres for sandfly fever antibodies, although no direct evidence has been offered [18] .
As with many other sandfly-borne viruses, small mammals play an important role in the virus lifecycle, and neutralizing antibodies have been identified in gerbils from endemic regions [25] . Isolations of ISFV have also been made from both ticks (Hyalomma asiaticum) and mosquitoes (Aedes caspius), although their role in transmission to humans has yet to be established [26] .
In Central Asia, there have been no reports of ISFV in Kazakhstan or Kyrgyzstan; these countries mark the northern limit of distribution for sandflies [27] . Viral isolations have been made in Turkmenistan, the country that borders ISFV-endemic territories in Iran [26] . ISFV antibodies have been found in more than 50 % of the human population in many regions of Turkmenistan without direct reports of clinical symptoms [18] . There is circumstantial evidence to suggest circulation in both Tajikistan and Uzbekistan, with these countries being listed as endemic for ISFV in a Russian arbovirus review, along with citations for texts in Russian that may contain primary evidence [18] (Fig. 2b) .
Issyk-Kul virus (ISKV) -family: Nairoviridae; genus: Orthonairovirus ISKV was first isolated in the 1970s from Nyctalus noctula bats trapped close to Lake Issyk-Kul, Kyrgyzstan [28] . The virus has since been identified in Tajikistan and Kazakhstan, and the disease has been associated with both isolated cases and outbreaks in all three countries [29] . Clinical symptoms typically include fever (39) (40) (41) C), headache, chills, dizziness, muscle weakness, nausea and vomiting, with symptoms such as rash, cough, abdominal pain and photophobia occurring occasionally. Fatal outcomes are rare, with convalescence taking up to 6 weeks [20, 29] . ISKV is likely to have both bat and tick reservoirs, with transmission to humans being associated with tick bite, direct contact with bat excreta or possibly mites [30] . Although they are not considered to be a predominant vector for the virus, studies have also indicated that mosquitoes may be capable of transmitting the virus [31, 32] . Few reports of ISKV have been published since the breakdown of the Soviet Union; however, recent next-generation sequence analysis classifies the virus within the Orthonairovirus genus of bunyaviruses [33, 34] .
Kazakhstan, Kyrgyzstan and Tajikistan are the only Central Asian countries with definitive evidence for ISKV endemicity. Although no cases of human infection or virus isolation have been reported from Turkmenistan, there is serological evidence for human infection [32, 35] . The seropositivity across Central Asia ranges from 0-9 % [21, 23, 29] ; no evidence of ISKV circulation or human infection has been reported from Uzbekistan (Fig. 2c) .
Tamdy virus (TDYV) -family: Nairoviridae; genus: Orthonairovirus TDYV was the first arbovirus isolated from the desert region of Central Asia and most isolations of the virus have been from xerophilic tick species that thrive in these environments. These desert areas are often used for seasonal pasture and can act as 'mixing grounds' for cattle from several surrounding regions, which offers a possible explanation for the occasional identification of the virus in non-arid regions such as in Kyrgyzstan [29] .
TDYV has been isolated from several mammals and birds; however, the predominant mammalian reservoir is thought to be the great gerbil (Rhombomys opimus), which is the typical host for xerophilic ticks in the desert area of Central Asia [36] . The low human population in these desert regions is believed to be responsible for the low rate of human TDYV infection; most confirmed human cases are associated with professions that expose individuals to ticks, such as sheep shearing [37] . There is little information regarding human disease resulting from infection with TDYV, although it is likely to be a mild self-limiting febrile illness that resolves in 5-7 days [37] . Since the initial identification of TDYV in Uzbekistan and Kyrgyzstan, the virus has been identified in Kazakhstan, Turkmenistan, Turkey, Azerbaijan and Armenia [29, 36, [38] [39] [40] (Fig. 2d) . Recent next-generation sequence data classified TDYV within the genus Orthonairovirus of the order Bunyavirales [41] .
A genetically similar virus, Burana virus, has been identified in Kyrgyzstan [39, 41] ; however, the distribution and clinical impact of this virus has yet to be established.
ENCEPHALITIS AND OTHER NEUROLOGICAL DISEASES
Several viruses circulating in Central Asia have been associated with human disease that can progress to include encephalitis and other neurological complications. The progression of disease does not always result in these severe manifestations, so care should be taken with differentially diagnosing cases lacking neurological involvement. Additionally, there is potential for other viruses to cause encephalitic symptoms on extremely rare occasions, in particular TAHV (see CEV section).
Karshi virus (KSIV) -family: Flaviviridae; genus: Flavivirus KSIV was first isolated in Uzbekistan in 1972 from Ornithodoros papillipes ticks collected in the desert burrows of the great gerbil [42] . Human infection with KSIV can result in a mild febrile illness with associated rash; however, the disease may progress to encephalitic symptoms and the virus has been associated with large human outbreaks in Uzbekistan [43] .
Antibodies against KSIV were found in up to 49 % of agricultural animals in endemic areas of Uzbekistan; human seroprevalence ranged between 0.4-1.6 % [37] . In Kazakhstan, KSIV has been isolated from H. asiaticum in the south of the country and anti-KSIV antibodies were detected in 6.0 % of rats and 0.7 % of birds near the Kazakh/Uzbek border [24] . KSIV has been isolated on at least one occasion from Turkmenistan, from O. capensis ticks collected close to both the Kazakh and Uzbek borders [44] (Fig. 3a) .
Based on texts published in English, KSIV has not been identified in either Tajikistan or Kyrgyzstan. The virus appears to be associated with arid-dwelling ticks and mammals; both Tajikistan and Kyrgyzstan are predominately mountainous countries with little arid or desert territory.
Powassan virus (POWV) -family: Flaviviridae; genus: Flavivirus POWV is a tick-borne arbovirus that is associated with sporadic cases of severe encephalitis. There have been few reports of human disease caused by POWV, with approximately 100 cases having been reported to date, predominantly from Russia and North America [45] . Clinical disease typically involves a febrile illness with frequent encephalitic and neurological complications; fatalities occur in 10-20 % of cases [37, 45, 46] . POWV is maintained in nature through an enzootic lifecycle involving Ixodes sp. ticks and small mammals, in particular Myodes sp. voles [47] . Reports from the former Soviet Union suggest that the ecological niche for POWV is distinct from that of the similar tick-borne encephalitis virus (TBEV), despite having the same competent vector; TBEV is associated with forest regions, whereas POWV is associated with forest-steppe areas [29] . While ticks are the predominant vector for POWV, isolations have also been made from mosquitoes, although there is no evidence to indicate that these arthropods are a competent vector for transmission to humans [48] .
Only indirect reports link POWV with Central Asia; two translated reports imply that POWV has been isolated in Kyrgyzstan and that the virus may have an established focus in this region [29, 49] (Fig. 3b) . Kyrgyzstan is a region where both the competent vector and mammalian reservoir are known to coexist.
Tick-borne encephalitis virus (TBEV) -family:
Flaviviridae; genus: Flavivirus Tick-borne encephalitis (TBE) is a vaccine-preventable neurological disease that is endemic to numerous countries across Europe and Asia. There are three subtypes (European, Siberian and Far-Eastern), which are distinguishable by genetic analysis, geographical distribution, case fatality rate and clinical symptoms of disease [50, 51] .
Ticks act as the principal reservoir for TBEV in addition to being the vector for transmission to humans, although a variety of mammals and birds may act as reservoirs maintaining the virus in endemic foci [52] . Ixodes ricinus is the predominant vector for the European subtype and I. persulcatus is the predominant vector for the Siberian and Far-Eastern subtypes [50] .
Historical reports imply that 94 % of human cases in the former Soviet Union originated in present day Russia, with only sporadic cases occurring in Central Asia or the Baltic states [18, 53] . In Kazakhstan, there are reports of viral isolation from humans, ticks, birds, bats, gerbils and mosquitoes [24] , with recent communications implying [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] clinical cases per year in the eastern and south/southeastern regions of the country [54, 55] . Alma-Arasan virus was a supposedly novel virus isolated from I. persulcatus from southern Kazakhstan in 1977 that was associated with non-fatal meningeal disease in 10 cases [37] ; however, recent next-generation sequencing has identified this virus to be Siberian TBEV [39, 56] .
In Kyrgyzstan, TBEV has been isolated from ticks [57] , and low seropositivity has been demonstrated in humans and birds [23, 58] . Twelve human cases were reported between 1976-1981 [59] and a recent publication confirmed both human disease and virus circulation in local tick populations [60] .
The only reference in English to TBEV in any other Central Asian country is a single report of seropositivity in humans (2.7 %) and animals (1.2 %) in Turkmenistan via complement fixation testing [35] (Fig. 3c ).
West Nile virus (WNV) -family: Flaviviridae; genus: Flavivirus West Nile fever is a febrile and often neuroinvasive disease with a distribution spanning many regions of Africa, North America, Europe and Asia. The principal vector for WNV is the mosquito, in particular Culex pipiens, Cx. modestus, Coquillettidia richardii and Aedes albopictus. WNV has also been routinely isolated from ticks, and the ability of several species of tick to maintain WNV has been demonstrated in Central Asia [61, 62] ; however, there is little evidence to imply that ticks play an important role in transmission of the virus to humans. Birds are considered to be the principal vertebrate reservoir for WNV, with over 50 species directly implicated in the circulation of WNV in the former Soviet Union [22, 37] .
Historic serosurveys implied the circulation of WNV in most Central Asian countries; however there was little evidence of human disease [22, 24, 35, 63] , while a 1978 analysis identified Russia, Azerbaijan, Moldova, Ukraine and Turkmenistan as the only WNV-endemic countries in the region [18] . Viral isolations made from febrile patients in Tajikistan were reported soon afterwards; most cases were originally diagnosed as acute respiratory infection, influenza or meningitis, highlighting the potential for misdiagnosis [19, 20] . Interestingly, a publication describing an outbreak of WNV in southern Russia in 1999 stated that WNV had been causing human disease in Kazakhstan (and other nonspecified Central Asian countries) 'for the last 20 years' [64] , suggesting re-emergence of West Nile fever in the intervening years between the reports (Fig. 3d) .
A phylogenetic analysis of WNV circulating in the region suggests that viral isolations from south-western Russia, Tajikistan, Ukraine, the Caucasus and Turkmenistan form four separate lineages [65] .
HAEMORRHAGIC DISEASE
At present, three viruses circulating in Central Asia are associated with haemorrhagic manifestations in human disease, ranging in severity from minor (scleral injection and petechial rash) to severe (epistaxis, ecchymoses and haematemesis). It is important to remember that several of the arboviruses that are endemic within the region have few clinical reports to assess the full range of disease symptoms, so minor haemorrhagic manifestation may be present for other viral infections.
Crimean-Congo haemorrhagic fever virus (CCHFV) -family: Nairoviridae; genus: Orthonairovirus Crimean-Congo haemorrhagic fever (CCHF) is a virulent, often fatal tick-borne disease with a strong association with Central Asia and surrounding regions. The human disease was first medically identified in 1944 when over 200 Soviet soldiers contracted a haemorrhagic disease when assisting in war-devastated Crimea [66] , although it is almost certain that this disease had been circulating in the region prior to this identification. Historical texts dating as far back as the 12th century make reference to a disease with the same clinical symptoms as CCHF in the country that is present-day Tajikistan [67, 68] and local Central Asian colloquialisms have been recorded describing haemorrhagic diseases including khungribta (blood taking), khunymuny (nose bleeding), karak halak (black death) and coc-ola (mottled skin) [69, 70] . In the early 20th century, these diseases were commonly termed either 'Uzbek haemorrhagic fever' or 'Central Asian haemorrhagic fever', although characterization studies in the 1960s showed that these diseases were all caused by CCHFV [69, 71] .
The clinical course of human infection can vary from a relatively mild febrile illness to severe haemorrhagic disease; bleeding can occur from several sites, including the skin, nose, mucosal membranes, gastrointestinal tract, urinary tract and cerebrum [69] . Case fatality rates typically range from 5-40 %, but can be higher with nosocomial transmission [69, 72] .
Soviet investigations concluded that CCHFV was causing notable human disease across large areas of Russia, Tajikistan, Kazakhstan and Uzbekistan, a hypothesis that has since been confirmed in recent English-language publications [70, [73] [74] [75] [76] [77] . The importance of CCHFV as a human pathogen in Kyrgyzstan and Turkmenistan remains debatable with few reports of haemorrhagic disease; however, there is evidence of virus circulation in tick and animal populations, low seroprevalence in human populations and rare reports of human cases in these countries [35, 69, [78] [79] [80] (Fig. 4a) . While Hyalomma marginatum is considered to be the principal vector for CCHFV in temperate endemic regions, H. anatolicum appears to be the predominant vector in the arid regions of Central Asia [22, 69] .
Sandfly fever viruses -family: Phenuiviridae; genus: Phlebovirus Sandfly fever viruses are a collection of related viruses that are transmitted by the Phlebotomus papatasi sandfly. Two species are currently recognized (sandfly fever Naples, SFNV, and Salehabad virus, SALV), while other viruses are awaiting classification within the complex. Current genomic and antigenic characterization suggests that these viruses are likely to form at least four serocomplexes: SFNV, SALV, sandfly fever Sicilian virus (SFSV) and Karimabad virus (KARV), with the emerging Toscana virus (TOSV) clustering within the SFNV complex [81, 82] .
Human diseases caused by these viruses are clinically indistinguishable, with the exception of TOSV, which is potentially neuroinvasive (TOSV has not been reported in Central Asia to date). Typical symptoms include fever, headache, eye pain and malaise, with conjunctival/scleral injection frequently observed. Human disease is self-limiting and rarely associated with long-term sequelae, although at least one fatality has been reported resulting as a result of infection with TOSV [37, 81, 83, 84] .
Sandfly fever has a strong association with Central Asia due to large epidemics in Tajikistan, Uzbekistan and Turkmenistan in the 1940s and 1950s [37] . Local serosurveillance studies demonstrated seropositivity in the human populations of these regions against SFSV, SFNV and KARV [18, 22, 85, 86] ; no evidence has been found showing circulation of any sandfly fever virus in either Kazakhstan or Kyrgyzstan (Fig. 4b) .
Seroprevalence in endemic regions can be variable, with low levels potentially being explained by limited natural interaction between xerophilic sandflies and human populations as the short flights of sandflies rarely bring them into the urban environment [22] . In Uzbekistan, Tajikistan and Turkmenistan, high seropositivity to sandfly fever virus was only noted in older age groups implying non-continual exposure that may be related to isolated temporal events such as natural disasters, conflicts or other atypical situations that result in increased transit and habitation in rural environments [18, 84] .
Syr-Darya Valley fever virus (SDFV) -family:
Picornoviridae; genus: Cardiovirus SDFV was isolated from the blood of a patient suffering from an acute febrile illness with a petechial rash in 1973 [87] . A further five patients were identified with similar symptoms, all of whom had received tick bites following flooding of the nearby Syr-Darya river in the Kyzylorda oblast of Kazakhstan. Local physicians reported numerous cases of similar disease, typically between spring and autumn [37, 87, 88] . One patient who was confirmed to have Syr-Darya Valley fever was initially diagnosed with typhus upon admission; physicians reported that similar cases had been diagnosed as typhus without laboratory confirmation in previous years, implying the potential for disease pre-dating this outbreak [88] . Clinical symptoms include fever, chills, malaise, headache, injection of the sclera and a petechial rash on the extremities, chest or abdomen [37, 88] .
Field investigations resulted in the isolation of SDFV from Dermacentor daghestanicus and H. asiaticum ticks [37, 88] . The virus was determined to be antigenically related to Sikhote-Alin virus, but was distinguishable via neutralization testing [29] . Recent sequencing analysis indicated that SDFV is a member of the genus Cardiovirus [89] . Human serosurveys showed a prevalence between 1-20 % in the Syr-Darya region, with the highest positivity being seen in the desert areas close to where the original isolation was made [29, 88] . Seroprevalence studies in animals showed an association with the floodland areas of this region, in particular near the Syr Darya, Ili and Talas rivers [29] ; since these rivers extend into the northern regions of Uzbekistan, Kyrgyzstan and Tajikistan, the current distribution area may be underestimated (Fig. 4c) . 
ARTHRALGIA
Only one virus resulting in human disease associated with arthralgia and arthritis has been reported in Central Asia to date; however, attributing the associated clinical symptoms to relatively minor infections is difficult, so other pathogens in the region may also result in instances of arthralgia, especially if investigations into long-term sequelae are conducted.
Sindbis virus (SINV) -family: Togaviridae; genus: Alphavirus Sindbis is a non-fatal febrile disease caused by a virus that is widely distributed across Africa, Europe, Asia and Australasia. SINV is transmitted by numerous species of mosquitoes (especially species of Culex, Aedes and Anopheles), and birds appear to be the main vertebrate hosts [17] .
In addition to 'classical' Sindbis, there are at least three other human diseases caused by Sindbis-like viruses: Ockelbo, Pogosta (both in Scandinavia) and Karelian fever (in Russia). These diseases have been demonstrated to be caused by closely related viruses, but are distinguishable by specific tests, including neutralization assays [17, 90] .
Although SINV was considered to be apathogenic for many years, it is now recognized as a human pathogen that results in relatively mild self-limiting symptoms (fever and rash) with a significant incidence of arthralgia and arthritis [91] . The true incidence of disease is almost certainly underestimated, with sporadic cases probably being overlooked due to mild symptoms; however, large outbreaks of disease with hundreds of confirmed/suspected cases have been recorded [29, 92] .
Serological evidence implies that SINV is circulating throughout Central Asia, with antibodies having been detected in birds in both Kazakhstan and Kyrgyzstan [24, 58] and in humans in Turkmenistan, Tajikistan and Uzbekistan [22] . SINV has been isolated from Hyalomma ticks, frogs, rats and humans in Tajikistan; all of the human isolates had overt clinical symptoms of disease and one had 'positive meningeal signs' [29, 37] suggesting that clinical cases may be occurring in the region (Fig. 4d) .
PATHOGENS WITH THE POTENTIAL TO EMERGE IN CENTRAL ASIA
Pathogen distribution dynamics are not fixed and there is potential for currently non-endemic viruses to become established in Central Asia. The regions surrounding Central Asia play host to numerous important pathogenic diseases that could conceivably establish themselves in a new territory if the necessary environmental and ecological factors were present. Table 1 summarizes the main arboviruses that are endemic in surrounding countries; these pathogens should be monitored when carrying out biosurveillance studies in the region due to the potential for new foci of disease to emerge.
APATHOGENIC ARBOVIRUSES IN CENTRAL ASIA
In addition to pathogens of known clinical importance, Central Asia plays hosts to several arboviruses that are not thought to result in human disease (Table 2) . Although it is unlikely that many of these viruses result in significant disease symptoms, there is potential for occasional mild febrile illness, as witnessed by occasional laboratory-acquired infections for some of these viruses [37, 93, 94] . Importantly, there is also potential for the burden of disease to be misdiagnosed or underestimated; several arboviruses, including SINV, WNV and Zika virus, were considered to be largely inconsequential human pathogens until significant outbreaks clarified their potential impact upon human populations. Active surveillance of these viruses is unlikely to be cost-beneficial; however, the ability to detect these viruses may be advantageous for differential diagnosis in cases of undiagnosed febrile illness.
DISCUSSION
Research into arboviruses in Central Asia was well established during the days of the former Soviet Union and centralized biosurveillance programmes during this era recognized the importance of arboviral disease in the region. In addition to contributing formative information on several important human pathogens, including CCHFV and TBEV, these studies identified novel pathogens resulting in human disease circulating in the region, such as TDYV, ISKV, SDVY and KSIV. Although data in English detailing arboviruses in Central Asia are increasing, with recent publications from Kazakhstan, Kyrgyzstan and Tajikistan [60, 70, 73, 76, 77] , the overall picture is still heavily reliant upon Russian texts, most of which remain untranslated. Analysis of the evidence currently available in English for arboviruses in Central Asia implies the presence of important human pathogens likely to result in a significant burden of disease, in addition to numerous other pathogens for which the impact has yet to be established.
CCHFV, TBEV and WNV are likely to be endemic across large areas of Central Asia and result in human disease on an annual basis. There are data to confirm the annual incidence of disease for CCHF in Tajikistan [76, 77] and Kazakhstan [70] . While evidence supporting the burden of disease for TBE and WNV is less convincing, it is probable that cases of TBE are occurring in the southern and eastern areas of Kazakhstan [54, 55] and in northern Kyrgyzstan [60] .
Central Asia is also likely to play host to several arboviruses for which clinical diagnosis may be missed due to the nondescript nature of human disease. Viruses such as TAHV, ISFV, SINV and sandfly fever viruses are present across large areas of the region, with potential to cause numerous cases of human illness; however, as these viruses are typically associated with a mild self-limiting febrile disease, it is likely that the impact on the human population is not realized. The burden of disease for these viruses should not be underestimated, as instances of severe human illness have been recorded for the TAHV, SINV and sandfly fever viruses.
WNV and sandfly fever viruses highlight the dynamic nature of arboviruses in Central Asia in terms of prevalence and incidence. Reports regarding WNV imply that the incidence of disease increased markedly between the 1980s and 2000s across the entire region, probably as a result of the establishment of WNV in local mosquito populations. In addition, the data regarding sandfly fever viruses imply that human disease occurs due to close contact between human populations and endemic sandfly populations. Overt cases of human disease are associated with natural disasters and human conflicts, situations where interactions between these populations are dramatically altered.
This region also plays host to several arboviruses that are associated with human disease that currently only circulate within Central Asia. ISKV, TDVY, SDFV and KSIV are likely to be important human pathogens resulting in a burden of human disease across a large area; unfortunately, very little information is published in English regarding these pathogens to assess their impact.
Although evidence is present for the circulation of many arboviruses across the region, accurate data on the burden of disease resulting from these pathogens are still deficient. While it is clear that local knowledge regarding the impact of certain pathogens is greater than that seen in English peer-reviewed publications, dissemination of this information is vital in order to develop travel recommendations and vaccination strategies. At least one endemic arbovirus results in a vaccine-preventable disease (TBE), while vaccine development is ongoing for several other endemic pathogens, including CCHFV [95] and WNV [96] .
Information regarding the arboviruses circulating in Central Asia is also of importance from a global perspective. The increase in travel to Central Asia for military, business and, increasingly, tourism reasons, has resulted in a significant number of visitors staying in the region and potentially returning home with arboviruses contracted while abroad. In these cases, the burden of disease may fall far from the endemic country and possibly in locations that are totally While most of the arboviral diseases circulating in Central Asia are self-limiting, several have significant case fatality rates and, in the case of CCHF, a known propensity for nosocomial transmission, increasing the importance of rapid diagnosis. Modern reference laboratories have the ability to test for established high-consequence human pathogens such as CCHFV, TBEV and WNV using a number of published assays [60, [97] [98] [99] [100] [101] [102] or commercial kits [103] . Published assays are available for SINV [104] , sandfly fever viruses [105] [106] [107] , KSIV [43] and TAHV [108] , although the supporting clinical data are typically inferior due to there being fewer cases. At present, no published assays are available for ISKV, TDYV, POWV, SDFV or ISFV; however, developmental in-house assays are available upon request from the authors.
Based on their geographical spread and increasing impact on susceptible human populations, arboviruses are considered to be classical emerging pathogens. For example, Zika, chikungunya and West Nile viruses have not only established endemic foci in new countries, but also in new continents, following their introduction into territories with both competent vectors and suitable mammalian reservoirs. As many different parts of the planet become linked through globalization, and as vectors and viruses continue to adapt to new ecologies, infections that were once localized are likely to spread to new areas. Thus there is potential for several of the pathogens considered to be restricted to countries in Central Asia to establish an enzootic cycle in new areas outside of their current risk areas, highlighting the importance of building upon the current knowledge and understanding of emerging pathogens in the region.
This review establishes a foundation on which future research and surveillance strategies can be developed. It is apparent that Central Asia plays host to several important human pathogens with arthropod vectors; while reports are available to highlight the potential risk of human disease, primary data indicating the associated burden of disease are lacking for most pathogens across the region. Further information regarding the impact of these viruses, in addition to distribution data for associated vectors and reservoir species, will enable the development and improvement of bite prevention schemes, travel advice and frontline diagnostics in at-risk areas.
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